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D scription 



Corticosteroids have been long known for their anti-inflammatory activity. It has been similarly known 
that the anti-inflammatory activity can be considerably enhanced by the introduction of ester functions at 
the 17- and 21-positions. The present invention concerns certain novel 17,21-diacylates of corticosteroids 
and their preparation. 

The preparation of such esterified coricosteroids according to the prior art can be split into three major 
groups. 1 

in-, Jof ' S by esterification without protection at the 1 1-position. This is exemplified in British Patent 
ii u lJ process suffer s from a lack of specificity for the required 17,21-diacylated product, when the 
11-substituent is a hydroxyl group. 

The second general method is the use of 1 1 -hydroxyl protection, prior to esterification. Protection by a 
H?JL m k V 9fOUP ' tn « tnmeth Vlsilyl ether group, the tetrahydropyran-2'-yl group, and the nitrate ester 
a ma vJi xt n P ro , posed ' var «ously in British Patents 1,097,165, 1,227,992 and 1,082,573 and US Patent 
a 024,131. The following esterification can be accomplished by a wide variety of methods, with the best 
being described in European Patent Specification 72,200. All of these processes are somewhat lengthy due 
to the necessity of introducing and then removing the 1 1 -protecting group. 

The final general method is by the acid hydrolysis of 17,21-orthoesters, which can be prepared without 
l l-protect.on, followed by 21-acylation. However, the necessary trialkyl orthoester reagents are difficult to 
prepare and usually not commercially available, added to the fact that the acid hydrolysis often gives 
™ X tl Ure t S ^ 17 J m ° noester and 21-monoester, plus variable amounts of the 1 7,21 -di hydroxy starting 
material. This method is described in British Patents 996,079, 996,080, 1,043,347, 1,047,518 and 1,047,519, 
as well as abstract in Chem. Abs. 57, 23618t, (1977) reporting on JP— A— 76/149,259 

9 « ™~ Acc ° rd,n 9 to x ^ e Present invention there is provided 17,21-diacylates of 9a-chloro-17,21-dihydroxy- 
25 corticosteroids of the formula 
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( I ) 



wherein R, and R 2 each represent an acyl group of 2 to 6 carbon atoms or a benzoyl group and where R, 
and R 2 can be the same or different in the same molecule, with the exclusion from the above of the 
compounds where R, and R 2 are propionyl; R, is acetyl and R 2 is propionyl; and R, is acetyl and R 2 is 
45 valeryl. These compounds are prepared from a compound of the formula 
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wherein R, and R 2 have the significance given above, which is reacted with hydrogen chloride. 

Whilst the process of chlorination of a 9,1 1 -epoxide per se is known in the literature, for example in US 
Patent 4,154,748, in British Patent 1,296,458 and in European Patent Application 29,151, we have now 
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discovered that the process can be appliedto a starting material of formula II, allowing the preparation of 
steroidal esters which have significant anti-inflammatory activity when compared with other known 
corticosteroid esters. 

French Patent 2,306,214 and the abstract in Chem. Abs. 88, 170388s, (1978) reporting on JP— A— 77/ 
144,663 describe a process to prepare 21 -halo-steroid 17-monoesters, by reacting the corresponding 17,21- 
orthoester with a halogenating agent. Such compounds are said to be useful as anti-inflammatory agents, 
although no quantification of typical examples is given. 

The starting materials can be prepared according to the known processes, such as diesterification of 



r-OH 



OH 




VCH* 



( III ) 



when symmetrical diesters are required. When non-symmetrical 17,21-diesters are required, the 21- 
25 acrylate of the compound of formula III is used as starting material. Alternatively, the 17,21-orthoester can 
be prepared, followed by acid hydrolysis to give the 17-monoester, which is then acylated at the 21- 
position. By this method, both symmetrical and non-symmetrical 17,21-diesters are available. 
Alternatively, the compound 
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is diacylated by either of the methods given above, then reacted with a reagent capable of producing 
hypobromus acid in situ (such as N-bromoacetamide in the presence of perchloric acid) to give the 9a- 
bromo-11p-hydroxyl compound, followed by epoxidation, for example using potassium acetate. 

The starting material is dissolved in an organic solvent, or a mixture of such. The solvents useful in the 
present invention comprise dimethylformamide, tetrahydrofuran, dioxan, ketones such as acetone, 
halogenated hydrocarbons such as chloroform, and lower alcohols with 1 to 3 carbon atoms. The solution 
is then cooled to between -60°C and 0°C, preferably between -30°C and -5°C. 

The hydrogen chloride is dissolved in an organic solvent, which can be the same or different from that 
used in the dissolution of the steroidal starting material, or in water. The concentration is preferably 
between about 35% and about 75% weight/weight. 

After cooling, the acid solution is added slowly to the steroid solution ensuring that the temperature 
does not rise above the selected reaction temperature. After the addition, the reaction mixture is stirred at a 
controlled temperature of between -60°C and +20°C, preferably between -20°C and +10°C. 

After completion of the reaction, the reaction mixtur is treated with a cold non-solvent, which is 
miscible with the reaction mixture and in which the required product is insoluble. A preferred non-solvent 
is a mixture of water and ice. Additionally, the non-solvent can be mixed with a base prior to addition to the 
reaction mixture. The group of useful bases comprises sodium carbonate, sodium bicarbonate, ammonia 
solution and an organic amine, such as triethylamine. The quantity of base is calculated such that the pH of 
the mixture after precipitation is between 3 and 7. Above pH 7, there would be present free base which 
could cause hydrolysis or solvolysis of the 17- and/or 21 -ester functions. 
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Alternatively, the base can be added after the precipitation of the required product. 

In either case the temperature of the precipitation should be controlled, so as not to allow rise 
significantly during the neutralisation of the acid reagent. Preferably it should be kept below or about 0°C 
during the actual precipitation. The product can then be recovered by conventional means, such as 
5 filtration, followed by drying. 

Thus, the compounds of formula I can be prepared in good yield and purity, with the advantage of not 
causing hydrolysis of the ester functions. 

The novel compounds of the present invention were shown to have surprising anti -inflammatory 
activity. Thus, in the rat's food oedema test it was shown that most of the compounds were as good as or 
10 better than the standard of betamethasone 17-valerate. More concretely, the 17-propionate 21-butyrate and 
the 17,21 -dibutyrate of 9a-chloro-1ip,17a,21-trihydroxy-16a-methylpregna-1,4-diene-3,20-dione were 
several times more active than the standard. Similarly, in the vasoconstriction test described originally by 
A. W. McKenzie and R. B. Stoughton in Arch. Derm. 86, 608—610 (1962), several of the novel compounds 
were shown to be more active than the betamethasone 17-valerate standard, especially the afore- 
15 mentioned 9a-chloro-1 1p,17a,21-trihydroxy-16a-methylpregna-1,4-diene-3,20-dione 17-propionate 21- 
butyrate. 

The compounds are novel per se and include the following 17,21-diacylates of 9a-chloro-1ip,17a,21- 
trihydroxy-1 6a-methylpregna-1 ,4-diene-3,20-dione: — 

17,21 -diacetate 
17-acetate 21 -propionate 
17-acetate 21-butyrate 
17-acetate 21 -valerate 
17-acetate 21-benzoate 
17-propionate 21-butyrate 
17-propionate 21 -valerate 
17-butyrate 21 -acetate 
17-butyrate 21-propionate 
17,21-butyrate 
30 17-butyrate 21 -valerate 

17-butyrate 21-benzoate 
17-valerate 21-propionate 
17-valerate 21-butyrate 

The products of the present invention when mixed with pharmaceutical^ acceptable excipients and 
35 diluents, well known to those skilled in the art, are active in locally applied topical formulations. Thus, the 
present invention includes pharmaceutical compositions which comprise a novel compound of th 
invention, and an inert pharmaceutical^ acceptable carrier therefor. 

Typical of the formulations are creams, lotions, ointments, eye-drops and oral inhalation sprays. The 
content of the active principle depends on the actual formulation, but is generally between 0.001 % w/w and 
40 0.5% w/w, more preferably between 0.01% and 0.25% w/w. 

The formulations prepared with the products of the present invention can be used in the topical 
treatment of corticosteroid-responsive dermatoses, which may include psoriasis, eczemas, 
neurodermatitis, seborrheic dermatitis, contact dermatitis, atopic dermatitis and intertrigo. 

The following examples serve to illustrate the present invention, without in any way limiting the scope 
45 thereof. 

All U.V. values quoted are in terms of E,T° 
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Example 1 

Preparation of 9a-chloro-11p,17a,21-trihydroxy-16a-methylpregna-1,4-diene-3,20-dione 17-propionate 21- 
5c benzoate 

9p,1ip-Epoxy-17a,21-dihydroxy-16a-methylpregna-1,4-diene-3,20-dione 17-propionate 21-benzoate 
(400 mg; 0.785 mmoles) was added slowly with stirring to a pre-cooled solution of hydrogen chloride in 
dimethylformamide (50%; 4 ml) maintained at -5°C. The reaction mixture was stirred for 2 hours and 30 
minutes at a temperature of -5°C to 0°C, and then precipitated in ice/water (40 ml) containing ammonia 
solution (25%; 3 ml). The resulting mixture was then neutralised, the solid filtered, washed with water and 
dried at 35°C. The yield was 410 mg (96% of theoretical), 
m.p. = 245— 6°C 
{ Q }2s « +61.5° (dioxan) 
U.V. = 468 at 234 nm (methanol) 

Example 2 

The following 17,21-diacylates of 9a-chloro-1lp,17a,21-trihydroxy-16a-methylpregna-1,4-diene-3,20- 
dione were prepared using the method of Example 1: — 
17,21-diacetate 

m.p. = 240— 2°C 
65 {a}| 5 = +55.8° (dioxan) 
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U.V. = 312 at 240 nm (methanol) 
17-acetate 21 -propionate 
m.p. = 222— 3°C 
{a} i 5 = +55.5° (dioxan) 
5 U.V. = 303 at 23&— 240 nm (methanol) 

17-acetate 21-butyrate 
m.p. = 200— 1°C 
{a}| 5 = +53.6° (dioxan) 
U.V. = 298 at 240 nm (methanol) 
jo 17-acetate 21 -valerate 
m.p. = 215— 6°C 
{a}i 5 = +53.9° (dioxan) 
U.V. = 291 at 239—240 nm (methanol) 
17-acetate 21-benzoate 
is m.p. = 243 — 4°C (decomp.) 

{a}£ 5 = +61.7° (dioxan) 
U.V. = 483 at 233 nm (methanol) 
17-propionate 21-butyrate 
m.p. = 231— 2°C 
20 {a}£ 5 = +54.2° (dioxan) 

U.V. = 288 at 240 nm (methanol) 
17-propionate 21 -valerate 
m.p. = 227— 8°C 
{a}£ 5 = +55.0° (dioxan) 
25 U.V. = 280 at 238—9 nm (methanol) 

17-propionate 21-benzoate 

m.p. = 245— 6°C (decomp.) 
{a}| 5 = +61.5° (dioxan) 
U.V. = 468 at 234 nm (methanol) 
30 17-butyrate 21 -acetate 
m.p. = 212— 3°C 
{a}o 5 = +52.5° (dioxan) 
U.V. = 294 at 239—240 nm (methanol) 
17-butyrate 21 -propionate 
35 m.p. = 220 — 1°C 

{a}* 5 = +55.5° (dioxan) 
U.V. = 287 at 239—240 nm (methanol) 
17,21-dibutyrate 

m.p. = 219— 220°C 
*o {a}* 5 = +53.3° (dioxan) 

U.V. = 281 at 239—240 nm (methanol) 
17-butyrate 21 -valerate 
m.p. = 193 — 4°C 
{a}o 5 = +54.4° (dioxan) 
4 * U.V. = 274 at 238—9 nm (methanol) 

17-butyrate 21-benzoate 
m.p. = 219— 220°C 
{a}£ 5 = +59.0° (dioxan) 
U.V. = 456 at 233—4 nm (methanol) 
50 17-valerate 21 -propionate 
m.p. = 181— 2°C 
{a}! 5 = +54.3° (dioxan) 
U.V. = 282 at 239 nm (methanol) 
17-valerate 21-butyrate 
55 m.p. = 199— 200°C 

{a}* 5 = +51.4° (dioxan) 
U.V. = 275 at 240 nm (methanol) 
17,21-divalerate 

m.p. = 165— 6°C 
60 {a}| 5 = +52.2° (dioxan) 

U.V. = 266 at 239—240 nm (methanol) 
17-valerate 21-benzoate 
m.p. = 187— 190°C 
{a}! 5 = +55.7° (dioxan) 
*5 U.V. = 445 at 233 nm (methanol) 
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Claims 

1. A compound of the formula 
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wherein R, and R 2 each represent an acy. group of 2 to 6 carbon atoms ^^g^ -^oMhe 
and R 2 can be the same or different m the "^^a^^nd^Tpropionyl; and R, is acetyl and 
compounds where R, is propionyl and R 2 is prop.onyl. R, is acetyl ana n 2 P P 

R 2 is valeryl. 

2. The compounds: j illno ~ sn-dione 17,21 -diacetate 

9 a-chloro-1ip.17Q ( 21-trihydroxy-16a-methy ^^^^^^^'^^i^fi^ 
9a-chloro-1 1 p.17a,21-trihydroxy-16a-me hy p egna- 14 d ene a 17 . acetate 21-butyrate 
9a-chloro-1 1 p.17a.21-trihydroxy- 6a-methy pregna- J™|'™ J °ne 17-acetate 21-valerate 
9a-chloro-1 1 p,17a,21-trihydroxy-16a-methy p egna- ,4-d ^ |,20 a o 2n . b enzoate 
9a- C hloro-1ip.17a.21-trihydroxy-16a-methy pregna-; ,4-d Jne 17-propionate 21-butyrate 

9Q-chlor 0 -1ip.17a.21-trihydroxy-16a-methy pregna- ,4-d e^ 

9a-chloro-1 1 p,17a.21-trihydroxy-16a-methy pregna- ,4-d ene 3.20 0 one 2 1-acetate 
9a-chloro-1 1 p.17a,21-trihydroxy-16a-methy pregna-; ^Eel'SwErS 7-butyrate 21-pro P ionate 
9a-chloro-11p,17a,21-trihydroxy-16Q-methypregna-1,4-dene J,zua o 21 . dibutyrate 
9a-chloro-1 1p,17a,21-trihydroxy-16a-methylpregna-1 4-d.ene-3,M 

la-chloro-11P^^ 

9a-chloro-HP,17a,21-trihydroxy- 6 a " me ^ P ^na- '^ ^'^.2 one -,7-valerate 21-propionate 
9 a -chloro-1ip,17a,21-trihydroxy- 6o-me hy pregna-i .4 d «^ J|J. djone 17 . valerate 21-butyrate 

character,sed by the fact that a 

compound of the formula 



i — OR- 



45 



50 



55 




( II ) 



60 



65 



wherein R, and R 2 are as <™»- »^^^ ^^ll^C 
is between 3 and 7. 
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the DHtS, S pH^ in9 H , ° C ' aim „ 6 ' characterised b Y fact that the non-solvent is water and ice, and 
the pH is adjusted with sodium carbonate or bicarbonate, ammonia solution or an organic amine 

8 A pharmaceutical compositi n which contains a compound of formula I, as defined in claim 1 
together with a pharmaceutical carrier. «» ■» as aerineo in claim i, 

claime^ncS2 eUtiCal C ° mp ° Siti ° n accordin 9 to claim 8, which contains any one of the compounds 
Patentanspruche 

1. Verbindung der Formel 
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in der 

darsfellenund woHnR un^ R^in'n ™\ } 6 Kohlenstoff-Atomen oder eine Benzoyl-Gruppe 

drsieiien una worm R, und R 2 m demselben Molekul gleich oder verschieden sein konnen 
wobe. von den vorgenannten Verbindungen diejenigen worin ' 

"i un a R 2 Propionyl sind, 

Ri Acetyl ist und R 2 Propionyl ist und 

R, Acetyl ist und R 2 Valeryl ist, 
ausgeschlossen sind. 

2. Die Verbindungen 

9a-CMo o* fi Tt y w rOXy \ 1 f a ' methy,pre9na - 1 ' 4 - dien - 3 ' 20 - dion - 17 - ac etat-21-propionat, 
9a-CWoo" B Mnl ?!^^ OXy - f^^^'P^^^^-dien-a^O-dion-IT-acetat^l-butyrat, 
la-Ch o o" f S T!^ V ^ rOxy \ 1 f a - meth V , P re 9 na -1'4-dien-3,20-dion-17-acetat-21-valerat, 

9a-Chom b 7^' \ "hydroxy- 6a,methylpregna-1 ,4-dien-3,20-dion-1 7-propionat-21 -butyrat, 

9a-CMo o" R ?n? " n K V H rOXV " ^^^^'P^na-l^-dien-^O-dion-iy^l-dibutyrat, 
9a-CMoo" ^T!^^ rOXy -^- methy, P re 9 na - 1 > 4 - d 'en-3,20-dion-17-butyrat-21-valerat. 
9a-CMoro- : ' ' l^^- 1 ^ -^«h y ipregna-1,4-dien-3.20-dion-17-but y rat-21-benzoat, 

9Q-Choro B Onf rOXy - ^ a - meth y , P re 9" a - 1 '4-dien-3,20-dion-17-valerat-21-pro P ionat, 
3 Vprf^hrLn P 7 °-21 -tr hydroxy-1 6a-methylpregna-1 ,4-dien-3,20-dion-l 7-valerat-2 1 -butyrat. 
Verbindung der ^Fo^mef 9 Verbindun 9 en nach An *P'-h 1. dadurch gekennzeich'net. daB eine 
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mi CH- 



( ii ) 



65 in der R; und R 2 die in Anspruch 1 angegebenen Bedeutungen haben, mit Hydrogenchlorid umgesetzt wird. 
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4. Verfahren nach Anspruch 3, dadurch gekennzeichnet. ^^^^SJSS^^^ 
einem organischen Losungsmittel oder mit Wasser verm.scht w.rd und die Reakt.onstemp 

-60°C und +20°C gesteuert wird. rfaR die Reaktionstemperatur zwischen -20°C 

5. Verfahren nach Anspruch 4. dadurch gekennzeichnet, daB die rteawionsi H 

und +10°C gesteuert wird. . „ L „„„-_s. h n«it daR das Endprodukt der Reaktion 

6. Verfahren nach den Anspruchen 3 und 4, dadurch 8eten™hnet. J"J^ fc ™ P iso|jert wird und der 
durch Vermischung mit einem Nicht-Ldsungsmittel be. e.ner Temperatur von etwa o u .so 
abschl.eBende pH-Wert der Reaktionsmischung zwischen 3 unc n ' ''egt- itte , WaS ser und Eis 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet daB das » Nic^sungOT.^ was 
ist und der pH-Wert mit Natriumcarbonat Oder -b.carbonat, Ammomak-Losung oaer einem o g 

Amin eingestellt wird. . j„. n j_ r c nrm „i i wie sie in Anspruch 

8 Pharmazeutische Zusammensetzung, enthaltend e.ne Verb.ndung der Formel i. w.e sie in w 

1 definiert ist, zusammen mit einem Ph 8 ™"^ 8 **" j^"- irge ndeine der Verbindungen 

9. Pharmazeutische Zusammensetzung nach Anspruch 8, entnauena irgenue 

nach Anspruch 2. 
Revendications 

1. Compose de ia formule: 
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dans .acuene R, et R 2 representent chacun un JWJJ- * * » K^V"»^^oS n d?-«5 

Sd^ 

I'acetyie et R 2 est du valeryle. 

17-butyrate 21-benzoate de ^'^"^"^J*. 1 , r K°o^v-16a-methylprIgna-1,4-diene-3.20-dione 
17-valerate 21-pro P .onate de 9a^h 

55 1 7 P^£J3S£ S^^^^^n 1. caracterise en ce pu'on fait reagir un 

compose de la formule: 
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dans laquelle R, et R 2 sont tels que definis dans la revendication 1. avec de I'acide chlorhydrique qazeux 

-20°C P et°tTo'C U ' Vant ' a revendication A - <*™terise en ce qu'on controle la temperature de reaction entre 

finaMe^ritt^oal '' aUtre revendicati °™ 3 « <• caracterise en ce que Ton isole I. produit 

final £ meTa^de^eaT^e 6 S£ ZSSZF" * ™ temP§ratUre d ' 6nVir ° n °° C « " ce ^ le 

de la 7 g^ace e e d t e e S n ^^ZSS^-^T^r " qU ' " non - solvant est — titue par de .'eau et 
d'amm'oniac ou une amine org?nique P " C3rb ° nate ° U dU bicarbonate de •««««". une solution 

1 . ^Z^n^XXZSft; C ° ntiem C ° mPOS6 de f ° rmU ' e tel defini a la indication 
^nd^uTl^2 0 ^3S? U,, SUiV3nt ' a revendication 8 ' <*« run quelconque des composes 
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